The degradation of mRNA plays a central role in the control of protein synthesis. In Escherichia coli, the mb gene encodes ribonuclease II (RNase II), one of the two main exonucleases involved in mRNA decay. We have constructed strain CMA201, in which the rnb promoter region and the gene were deleted from the chromosome and replaced by a tet'
Introduction
The degradation of mRNA is one of the main mechanisms by which gene expression can be controlled. Several 3' to 5' exoribonucleases have been identified in bacteria, but only two of them, polynucleotide phosphorylase (PNPase) and ribonuclease II (RNase II), seem to play a general role in mRNA turnover [l] . Their primary function is to remove degradation intermediates, thereby recycling ribonucleotides [2] . Double mutants are not viable and mRNA decay intermediates accumulate in vivo when both enzymes are absent [3, 4] .
RNase II is a processive exoribonuclease that * irreversibly hydrolyses mRNA to 5'-monophosphates [5] . Its activity is sequence-independent but sensitive to RNA secondary structures [2] . RNase II is encoded by rnb. This gene was cloned some years ago [6] but its sequence and preliminary characterization were only recently published 171. The existence of a strain in which RNase II is completely absent in the cell could be important to the design of future studies of mRNA degradation, especially those concerning the mechanisms regulating mRNA metabolism. Another important advantage of such a strain could be the complete absence of RNase II-specific mRNA in the cell. We now report the construction and characterization of an rnb absolute deletion mutant strain of Escherichia coli, which we named CMA201. In this strain the rnb promoter was deleted and only 75 bp from the rnb 3' region were left in the chromosome.
Materials and methods
performed at -70" C with Fuji RX or Amersham Hyperfilm-MP films.
Bacterial strains, plasmids and growth conditions

Growth curves and viabilities
All the strains and plasmids used in this study are Growth curves and viability tests of MG1693 and described in Table 1 . Recombinant DNA methods CMA201 strains were performed in LB broth at were performed according to Sambrook et al. [12] .
30" C, with good aeration. Overnight cultures were Pl-mediated transduction was done following a prediluted back to OD,,, = 0.025 into fresh prewarmed viously described method [13] , with two passes on medium. OD,,, readings were made every 30 min, the donor strain before infecting the recipient strain.
until 12 h after the dilution, with one additional Strains were grown in Luria-Bertani (LB) broth [12] .
reading after 24 h. The generation times presented Thymine (50 pg ml-' ) was added to the growth are the averages of three independent experiments. medium of strains carrying the thyA71.5 allele. When
For determination of the strain viabilities, aliquots appropriate, antibiotics (Sigma Chemical Co.) were were taken every 30 min during the growth experiadded at the following concentrations:
ampicillin, ments, diluted in 0.9% NaCI, plated on LB agar 100 pg ml-' and tetracycline, 15 pg ml-'.
plates and incubated at 37" C for 24 h.
Enzymes and reagents
Bulk mRNA half-life assay
Restriction enzymes were obtained from Amersham, New England Biolabs or Stratagene. T4 DNA ligase and the Klenow fragment of DNA polymerase I were obtained from Stratagene. Radiochemicals were purchased from Amersham.
[5,6-3H]uridine, for bulk mRNA half-life assay, was obtained from DuPont, NEN Products, Boston, MA. Rifampicin and nalidixic acid were purchased from Sigma Chemical Co.
Southern analysis
Southern hybridization was performed with chromosomal DNA from JC7623, CMA200, MG1693 or CMA201 (Table 1) . Chromosomal DNA was extracted [14] digested and separated by electrophoresis on 0.7% agarose gels in 0.5 X TBE buffer [12] . The DNA fragments were blotted onto nylon membranes (Hybond-N, Amersham) and fixed by UV cross-linking (A = 312 nm, 10 min). Blots were blocked for 6 h with prehybridization solution [12] , at 42" C. To prepare the probes, DNA fragments ( Fig. 2A) were purified from pCMAO1 and labelled with [a-32P]dATP or dCTP (3000 Ci mmol-' ) using the 'Multiprime DNA labelling system' from Amersham. Hybridizations were done at 42" C, overnight. Washing was performed as previously described [ 121, the final wash being at 68" C. Autoradiography was
The chemical decay of pulse-labelled bulk mRNA was assayed essentially as previously described 131. Exponentially growing cells were pulse-labelled for 2 min with 3 &i (90 nmol) of [5,6-'Hluridine per ml. Labelling was stopped by the addition of rifampicin (500 pg ml-'), nalidixic acid (20 pg ml-') and cold uridine (200 pg ml-'). Aliquots (0.5 ml) of cell culture were taken at 1 or 2-min intervals and added to 3 ml of ice-cold 20% trichloroacetic acid (TCA). The precipitates were collected on Whatman GF/C filters, washed three times with 3 ml of ice-cold 10% TCA and then with 3 ml of ice-cold 95% EtOH/O.l M HCl. The percentage of [ 3 H]RNA remaining was then calculated.
RNase II assay
Qualitative enzymatic assays for RNase II activity were performed essentially as described [6] . Cells were grown at 30" C to an OD,, = 0.5, centrifuged, resuspended in 0.5 ml of RNase II buffer (20 mM Tris pH 8.0, 0.1 M KC1 and 1 mM MgCl,) and sonicated in an ice-water bath. After pelleting cell debris, 20 ~1 of supernatant (diluted 50-fold in RNase II buffer) were added to 180 ~1 of RNase II buffer containing 20 nmol (200 nCi) of [3H]polyadenosine, mixed and incubated at 30" C, for 3 min. A 50-~1 sample was withdrawn and added to 100 ~1 of ice-cold 10% TCA. Samples were left on ice for at least 1 h, subsequently centrifuged and 100 ~1 of supernatant were counted in 3 ml of OptiPhase 'HiSafe' II scintillation fluid (LKB).
Results and discussion
The basic strategy for the construction of an rnb deletion mutant in E. coli consisted in the transformation of competent cells with linear DNA fragments containing a tet' cassette flanked by homologous sequences of the chromosome.
The deletion was then the result of a recombination event, via a double crossing-over within the homologous sequences. With this procedure, we deleted almost the whole rnb gene, constructing an E. coli mutant strain that not only has a complete absence of RNase 11 activity but also no rnb mRNA.
We first replaced the rnb gene, in pCMAO1 plasmid (Fig. lA) , for a tet' cassette from pDJ19Tet plasmid (Table I) . In order to do so, pCMAO1 was digested with SphI-HindIII, and a fragment of 5.9 kb was recovered and purified (Fig. 1B) . The plasmid was independently linearized with PstI and the 3' ends of the linear fragment were converted to blunt ends using the 3'-5' exonuclease activity of the Klenow fragment of DNA polymerase I. After that, [7] . This plasmid resulted from the cloning of a 6.5-kb HindIII-Xhol fragment of E. coli chromosomal DNA, carrying the mb gene and its promoter region, into pBluescript SK+ (Stratagene). The genetic material from the vector is represented as a thicker black section of pCMAO1. The 6.5.kb HindHI-XhoI fragment of E. co/i chromosomal DNA is outlined. The direction of mb transcription is shown. Only relevant restriction sites are given. (B) DNA fragments used for the construction of the 9.9.kb plasmid pJPAO1 (Cl. The first one is a I.l-kb PstI-Hind111 DNA fragment derived from pCMAO1 with a blunt end on the P.rtI side. The second fragment is 5.9 kb long and was purified from pCMAO1 by a double digestion with Hind111 and SphI. This fragment comprises DNA from two different origins: the SK+ vector (thicker line), from Hind111 to XhoI, and E. coli chromosomal DNA (thinner line), from X/to1 to SphI. This second fragment has a short 7%bp region from the 3' extremity of the mb gene. The third fragment is the tet' cassette and is a 2.9.kb SphI-SmaI fragment purified from the plasmid pDJ19Tet. The tet gene is shown as a dotted box. (CI Schematic representation of the 9.9-kb plasmid pJPAO1, which was used to create an mb deletion in the E. coli chromosome (see text for further details).
it was digested with Hind111 and a l.l-kb DNA fragment was isolated (Fig. 1B) . These two fragments from pCMAO1 and a 2.9-kb SphI-SmaI DNA A Ilkhpl r&Dl, tsx33, kdgK51, rpsL31, supE44, lacY1, rat-,A- (Fig. lC) , containing the Amb-20l::tet construction, was digested with PuuII. Three DNA fragments were obtained, but the new construction was not affected by this digestion (see Fig. 1C ). These fragments were used to transform JC7623 JC7623 tet' transformants were then selected and purified. A 1.7-kb DraIII-PuuII DNA fragment was purified from pCMAO1. This fragment was labelled and used as a probe (Probe A, Fig. 2A ). The Southern analysis of chromosomal DNA isolated from one of the previously purified tet' clones, CMA200 (Table l), is shown in Fig. 2B . Fragments of the predicted size were obtained for each strain (JC7623 and CMA200) and for each of the digestions carried out. In lanes A (Fig. 2B) , the result of the digestion Fig. 2. (A) A 6.5-kb HindIII-XhoI fragment from E. coli chromosomal DNA, comprising the mb gene and purified from the plasmid pCMAO1 is shown. Only relevant restriction sites are given. All the probes used in several Southern blot experiments were purified from this DNA fragment. Probe A is a 1.7-kb DraIII-P&I DNA fragment and was used to confirm the correct construction of CMA200 strain (B). Probe B is a l.l-kb HindIlI-Pstl DNA fragment and was utilized to further confirm the results obtained in the experiment shown in (B) (data not shown). Probe C is a 1.5-kb PstI-EcoRI DNA fragment and was used to confirm the transference of the Arnb-20I::tel genotype from CMA200 to MG1693, generating the CMA201 strain (0. AI1 the DNA fragments were labelled as stated in Materials and methods. (B) Southern blot analysis of genomic DNA from JC7623 (wild-type) and CMA200 strains. Genomic DNA (3 pg per lane) from JC7623 (lanes 1) and CMA200 (lanes 2) was digested with EcoRI (lanes Al and A2), EcoRV (lanes Bl and B2), PstI (lanes Cl and C2) and Sal1 (lanes Dl and D2). The samples were size-fractionated over a 0.7% agarose gel, blotted onto a nylon membrane and hybridized with probe A (A). Molecular size markers are presented on the right and are a A-BstEII digest. (C) Southern blot analysis of genomic DNA from MG1693 (wild-type) and CMA201 strains. Genomic DNA (3 pg per lane) from MG1693 (lanes 1) and CMA201 (lanes 2) was digested with EcoRI (lanes Al and A2), EcoRV (lanes Bl and B2), PstI (lanes Cl and C2), PuuII (lanes Dl and D2) and Sal1 (lanes El and E2). The DNA samples were size-fractionated and blotted as stated before and hybridized with probe C (A). Molecular size markers, derived from a A-BsfEII digest, are shown on the right.
with EcoRI is shown. In the wild-type strain we EcoRV digest (lanes B, Fig. 2B 4.0 kb for CMA200 and another of 2.8 kb for JC76231 agreed with those expected. The results obtained in the Z'stl digest (lanes C, Fig. 2B ) are also in agreement with what was expected. With this restriction enzyme, a 7.6-kb band was obtained for JC7623 and a 5.4-kb band for CMA200. Lastly, the results of Sal1 digest (lanes D, Fig. 2B ), in which we expected to see a heavier band for wild-type strain, with a difference of 1.6 kb, are also in agreement with what was expected: a 7.2-kb band for JC7623 and a 5.5-kb band for CMA200. In order to confirm these results, another Southern experiment was done with a different probe (Probe B, Fig. 2A ). This new probe was made from a l.l-kb HindIII-PstI DNA fragment, purified from pCMAO1 and located in the upstream region of the rnb deletion. Southern analysis performed with this new probe validated the previous results (data not shown). After confirming the construction of the rnb deletion mutant in JC7623 by Southern analysis, we proceeded to the transfer of this deletion to MG1693 (Table 1) . This E. coli strain carries the genetic background of several ribonuclease mutant strains previously studied and has been used as a control [4] .
To transfer the rnb deletion from CMA200 to MG1693, a phage Pl lysate was prepared on CMA200 and used to transduce MG1693. Chromosomal DNA from some selected MG1693 tet' clones was extracted, digested with different restriction enzymes and used for Southern analysis. A 1.5kb PstI-EcoRI labelled DNA fragment from pCMAO1 was used as a probe (Probe C, Fig. 2A ). The results obtained (Fig. 2C) showed strong hybridization signals with the digested MG1693 chromosomal DNA and no visible signals with the digested transduced MG1693 chromosomal DNA. This led us to the conclusion that the rnb deletion had been transferred to the MG1693 strain. This hybridization pattern matched that expected if Arnb-201::tet had replaced the wild-type rnb allele in the chromosome.
This newly constructed strain, CMA201 (Table  11 , was subsequently characterized. The activity of RNase II was assayed in vitro as described before [6] . In every experiment carried out, we observed a striking reduction in the amount of 3H detected in the cellular extracts of CMA201 assayed when compared with the wild-type strain. These results confirm the absence of RNase II activity in the cells of the deletion mutant CMA201, as expected.
Growth experiments, as well as cell viability studies, were also made for MG1693 and CMA201 strains (Figs. 3 and 4) . Generation times were determined in LB broth at 30°C and, under the growth conditions used, we could not find any significant difference between the wild-type strain and the rnb deletion mutant strain (41.6 min for MG1693 and 40.5 min for CMA201). However, a slightly longer lag phase was observed for the mutant strain (Fig. 3) . In fact, the CMA201 strain always showed smaller colonies, indicating a delay in the beginning of cellular division. No significant drop in viability was observed, not even after 24 h continuous growth (Fig. 4) . The chemical half-life of bulk pulse-labelled mRNA was also determined in both strains, following the method described in Materials and methods. Under the experimental conditions used, the mRNA half-life was 2.7 min for MG1693 and 2.5 min for CMA201. It is clear from our results that the complete absence of RNase II did not lead to an increase of the bulk mRNA half-life, which is consistent with previous reports [3,41. We describe here the construction and preliminary characterization of CMA201, the first E. coli rnb null mutant. This strain is viable, its growth characteristics are similar to the wild-type and the RNase II activity is null. This mutant was constructed in the MG1693 background since this is the parental strain of different ribonuclease mutants, namely some carrying the rnb mutant allele rnb-500 [3] . This allele encodes a thermolabile RNase II activity but residual activity might continue to participate in the decay of mRNA. Another mutation in this gene had been previously described as rnb-296 [16] . However, in both kind of mutants, the mutant protein could continue to have an important role in the control mechanisms of mRNA degradation, despite not having normal catalytic activity. On the other hand, RNase II-specific mRNA still exists in the cell. The existence of a strain with complete absence of RNase II will be important in the characterization of the relationship between this and other ribonucleases or the association among mRNA-degrading enzymes. In order to carry out RNase II in vitro studies, using cell extracts, it is also essential to have an RNase II deletion strain as a control. In conclusion, this new E. coli strain CMA201 can be extremely useful in many studies of mRNA metabolism.
